Introduction {#sec1-1}
============

Concurrent chemoradiotherapy (CRT) is the standard of care in head and neck cancers (HNCs) after the publication of various meta-analyses.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Meta-analysis of chemotherapy in HNC reported 8% survival benefit with the addition of concurrent chemotherapy.\[[@ref3][@ref4][@ref5]\] Cisplatin has been the most extensively studied agent (with nonoverlapping toxicity). Various dose schedules have been studied so far, such as 100 mg/m^2^ at 3 weekly intervals, 35--40 mg/m^2^ at weekly interval, and 6 mg/m^2^ daily.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] Although the evidence has been obtained from the 3 weekly cisplatin studies, but across the world, weekly use of cisplatin has become routine clinical practice.\[[@ref6][@ref7][@ref8]\] Optimal timing and dose scheduling still need to be defined. The present report is a comparison of two consecutive prospective safety and efficacy, single arm studies conducted in our department, i.e. use of concurrent cisplatin either as a weekly or a daily schedule. Both chemotherapy schedules were used along with a moderately accelerated radiotherapy (RT) schedule.

Patients and Methods {#sec1-2}
====================

Two prospective feasibility, safety and efficacy single arm studies were carried out consecutively within the department following Institutional Review Board clearance. The weekly study was carried out from August 2003 to August 2005 and daily cis-diamminedichloroplatinum (CDDP) study was conducted from November 2005 to June 2007 and this retrospective comparison was not a part of the original study design.

The patient profile was same with the following inclusion criteria-untreated squamous cell carcinoma of the head and neck region, i.e., oral cavity, oropharynx, hypopharynx, or larynx in stage III and IV HNC (T2N2-3M0, T3-T4 any *N* M0), patients with Karnofsky performance status ≥70, age above 18 years. All the patients had normal liver and kidney function test and glomerular filtration rate (GFR). Patients having a second primary neoplasm, recurrent disease, distant metastasis, carcinoma of the nasopharynx and paranasal sinuses, prior radiation or chemotherapy, and pregnant woman were excluded.

Treatment protocol {#sec2-1}
------------------

Following build up and dental prophylaxis, patients were planned for a moderately accelerated RT schedule delivering 70 Gy in 35 fractions over 6 weeks (instead of 7 weeks) at 2 Gy per fraction, in both the studies. The RT was delivered in a phased manner using conventional three field technique. Three-dimensional conformation or intensity modulated RT (IMRT) was not practiced in the department at that time. CDDP (35 mg/m^2^) weekly (maximum 50 mg) along with 3 L of fluids and mannitol was given. In a daily group, CDDP was given at 6 mg/m^2^ (capped at 10 mg) in 500 ml normal saline (NS) solution for all 6 weeks of treatment.

Radiotherapy technique {#sec2-2}
----------------------

In both the studies, patients were simulated with a thermoplastic head and neck immobilization device. Phase I was planned to include the primary and the draining lymph node regions and a dose of 44 Gy/22 fractions/4.5 weeks was delivered 5 days in a week at 2 Gy/fraction (Monday to Friday). In phase II - off-cord reduction was done, and a dose of 16 Gy/8 fractions/1.5 weeks at 2 Gy/fraction was delivered 5 days in a week (Monday to Friday). Phase III was delivered as a boost on Saturday, as limited volume portal including original GTV with a margin of 2 cm. A dose of 10 Gy/five fractions/over five Saturdays at 2 Gy/fraction was delivered. Scheduled overall treatment time was 40 days. Treatment was delivered using a telecobalt machine (Theratron 780-C, AECL, Canada).

Chemotherapy delivery {#sec2-3}
---------------------

Patients who received weekly CDDP schedule, received prophylactic antiemetic cover (i.e., oral dexamethasone and ondansetron for 3 days). Chemotherapy was administered as "in-patient" since day care facility was not available.

Patients who received a daily dose of CDDP were administered chemotherapy on an outpatient basis, with hydration with one unit of NS over 120 min. A single shot of injection ondansetron was given just before chemotherapy. Cisplatin was delivered as a bolus in 50 ml NS over 10 min. No planned hospitalization or round the clock antiemetic cover was given in this group.

RT was synchronized with CDDP therapy in both the groups and delivered within an hour of administration of CDDP. Chemotherapy was withheld if the total leukocyte count fell below 4000/cumm. Patients were followed up regularly during RT and after completion of treatment.

Compliance, acute and late toxicity including cisplatin-induced nephro and ototoxicity were recorded based on the Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer (RTOG/EORTC) grading system and compared to both protocols.

The two principal toxicity-xerostomia and dysphagia were documented by the treating oncologist. Aspiration was studied using serial video fluorographic studies. Hearing assessment, to study cisplatin-induced hearing loss, was done by serial pure tone audiometry evaluation. Similarly, nephrotoxicity was studied using GFR estimation, as a baseline and during follow-up. Survival outcome measures (LRS and overall survival \[OS\]) were also computed and compared.

Statistical analysis {#sec2-4}
--------------------

OS was measured from the date of registration. Locoregional control (LRC) was defined as complete disappearance of visible and palpable disease for at least 6 months following initiation of therapy. Locoregional persistence of disease was classified as a failure on day 1. Locoregional relapse beyond 6 months was scored as an event for LRC. Failure at any site including local site was scored as an event for LRC. Death due to any cause was scored as an event for OS. The cases lost to follow-up were considered as events, and the survival outcomes were therefore computed as worst case scenario.

Results {#sec1-3}
=======

Comparative results of the two single-arm studies that were carried out are reported. At the time of analysis, in November 2013, the median follow-up of the patients who were alive and was on follow-up, in the two studies was 93 and 63 months, respectively. Comparative demographic profile is elaborated in [Table 1](#T1){ref-type="table"}. All (120) patients gave a history of tobacco ingestion either in form, paan (betel), pan masala, bidi, or cigarette smoking. Human papillomavirus status was not determined in any of the studies and it was assumed that tobacco was implicated as an etiological factor in all these tumors.\[[@ref13][@ref14]\] Most of these patients were staged based on computed tomography (CT) imaging and were considered inoperable by the referring ENT surgeon/head and neck oncologist or the patient had refused surgery.

###### 

Demographic profile

![](SAJC-5-80-g001)

Compliance in the two studies was comparable. In weekly CDDP study, six cases received less than the planned RT dose as compared to seven cases in daily group. Patients were considered to comply with radiation treatment if they completed 70 Gy within 45 days. Chemotherapy compliance (six cycles in weekly or 28--30 cycles in daily cisplatin) were 63% and 73%, respectively.

The primary reason for noncompliance toward chemotherapy (37% vs. 27% in weekly vs. daily CDDP studies, respectively) was due to the development of excessive toxicity. This also included those who left treatment midway (due to any reason) or died during therapy.

Acute toxicity was documented as per the RTOG/EORTC guidelines and is mentioned in [Table 2](#T2){ref-type="table"}. Grade III/IV mucositis, i.e., confluent mucosal reactions and ulcerations and dysphagia, both were significantly higher in patients receiving weekly CDDP.

###### 

Acute morbidity (Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer scoring criteria)

![](SAJC-5-80-g002)

During treatment, patients lost weight due to mucositis leading to inadequate oral intake. The enteral/parenteral support was provided either as an outpatient or after hospitalization. On average, the nasogastric/percutaneous endoscopic gastrostomy (PEG) tube insertion was carried out in the 3^rd^ week of RT in both the groups. All patients with Hb \<10 g/dl were transfused whole blood as per the departmental policy. Intravenous hydration was given to patients either as day care or as in-patients, as and when clinical signs and symptoms of dehydration were observed. Antibiotics and growth factors were not used prophylactically.

Hospitalization to take care of treatment-related morbidity was considered as an intervention toward supportive care. This was apart from the regular 1--2 days admission for weekly cisplatin chemotherapy administration. The mean duration of hospitalization for supportive care was 3 days (range: 1--6 days) in both the groups.

Late toxicity was documented as per RTOG/EORTC criteria and is mentioned for both the groups in [Table 3](#T3){ref-type="table"}. Chemoradiation-related Grade II/III xerostomia, dysphagia, and aspiration and chemotherapy-related ototoxicity and nephrotoxicity were studied and compared. No significant difference in terms of any of the long term sequel was found in either group. Chemotherapy-related hearing loss and renal impairment (which was asymptomatic and transient in nature) were also of similar magnitude.

###### 

Late toxicity (Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer scoring criteria)

![](SAJC-5-80-g003)

Regarding mortality, in weekly cisplatin study six patients died during or within 1 month following completion of treatment. One died due to dyselectrolytemia and severe dehydration following RT. Two deaths occurred due to aspiration pneumonitis during treatment, one at 44 Gy plus four cycles of cisplatin and other at 60 Gy plus six cycles of chemotherapy. One patient developed septicemia, due to PEG site infection with peritonitis and died during treatment. The fifth patient had persistence of disease and died after massive tumor bleed at home. The sixth patient died due to myocardial infarction at home. In daily cisplatin study, four patients died during or within 1 month following completion of treatment. Two died due to dyselectrolytemia (persistently low sodium) following RT. Two deaths occurred due to aspiration, one at 42 Gy plus 15 cycles of cisplatin, and other at 44 Gy plus 16 cycles of chemotherapy. The second patient developed septicemia as a consequence of aspiration and died. No second malignancy has been reported thus far in either arm.

In weekly CDDP group, 40% (27/68) patients were lost to follow-up at the time of analysis. The 5 years LRC was 18% (median - 18 months) and 5 years OS rate was 32% (median - 24 months). In daily CDDP, 31% (16/52) patients were lost to follow-up at the time of analysis. Five years LRC was 25% (median - 11 months) and 5 years OS was 31% (median - 11 months) \[[Figure 1](#F1){ref-type="fig"}\]. Locoregional persistence of disease was seen in five patients in the weekly study and three patients in the daily study and all these were subjected to salvage surgery. Locoregional recurrences were seen in 11 and nine patients, respectively, between 4 and 61 months in weekly and daily CDDP studies, respectively. Salvage treatment in the form of second-line chemotherapy or surgery or re-irradiation was offered. Eight patients developed distant metastasis to lung (*n* = 4) following liver (*n* = 2), bone (*n* = 1), and brain (*n* = 1) in the weekly CDDP study and six patients developed distant metastasis to lung (3) followed by bone (2) and liver (1) in the daily CDDP study.

![Locoregional relapse-free survival and overall survival in months](SAJC-5-80-g004){#F1}

Discussion {#sec1-4}
==========

Daily cisplatin when administered with modestly accelerated RT schedule has similar 5 years outcomes as with weekly schedule when delivered with the same RT protocol. Acute toxicity was expectedly higher with weekly CDDP administration, but no difference in late toxicity was observed. The two studies were carried out consecutively in different time period and therefore the median follow-ups were different (i.e. 93 months vs. 63 months for weekly vs. daily groups, respectively).

Above-mentioned protocols were practiced at a time when the department did not have a linear accelerator or a day care ward. All patients that were treated by concurrent weekly chemotherapy needed to be hospitalized for a day for the purpose of administration of drug. Both chemotherapy and RT infrastructure (i.e. an indoor ward and a telecobalt unit) were burdened (as is the case in any busy RT Department in India) and we needed to find ways of decreasing the load in the ward and on the machine.

A modestly accelerated protocol six fractions a week RT was adopted from the International Atomic Energy Agency (IAEA) trial conducted in Asian and African countries.\[[@ref15]\] This trial had a similar patient profile as ours, i.e., advanced presentation. They reported a similar benefit of 10% improvement in local control as in the DAHANCA study.\[[@ref16]\] In IAEA conducted trial, a significant proportion of patient were treated by a telecobalt machine. This was a pragmatic and useful approach when adopted in our set up since it helped in easing the load on the machine by reducing the overall treatment time by 1 week. In fact, our RT practice during the study period reflects the RT scenario in the majority of centers in India currently and many parts of the world even today, i.e., use of non-IMRT-based RT planning techniques, i.e., using large field size and treatment by telecobalt unit.

Concurrent administration of cisplatin at 3 weekly intervals along with RT is the standard of care but is associated with severe mucosal and hematological toxicities. A lower and radiosensitizing doses of cisplatin (35--40 mg/m^2^) administered once every week has been widely used and shown similar efficacy and less toxicity and this was the basis for choosing weekly cisplatin protocol world over.\[[@ref6][@ref7][@ref8]\]

Theoretically, daily administration of low-dose cisplatin may derive maximum benefit from fractionated administration of both treatment modalities concurrently. With each fraction of RT, cisplatin acts as a radiosensitizer.\[[@ref17]\] We initiated a single arm study of using low-dose CDDP daily, based on the experience reported by Jeremic *et al*. and Bartelink *et al*.\[[@ref9][@ref10][@ref11][@ref18][@ref19][@ref20][@ref21]\] Low-dose daily cisplatin offers ease of administration in the outpatient clinic (obviating the need for hydration, diuresis, prophylactic antiemesis, and hospitalization) along with better tolerability than other regimes and superior outcomes in epithelial cancers.\[[@ref18][@ref19][@ref20][@ref22]\]

The question of which RT schedule benefits more with low-dose daily cisplatin has been addressed by Jeremic *et al*. comparing conventional RT with HFRT (hyperfractionated RT) with or without daily CT.\[[@ref11][@ref19][@ref20]\] They indicated similar patient profile as ours and reported that hyperfractionated RT along with daily cisplatin had superior OS.\[[@ref20]\] Our study design for the second single arm study was based on their work.

Acute toxicity in the present report is higher than what has been reported by contemporary Indian studies wherein weekly chemotherapy was delivered along with conventional RT.\[[@ref8]\] Double intensification may have been the reason for increased mucosal toxicity to (over 90% in weekly group and 65% in the daily group). The possible explanations for greater mucositis in the weekly group could have been (1) more oral cavity tumors (19% vs. 6%) leading to more of oral mucosa encompassed in the RT field (2) with time our awareness and understanding the need for nutritional support grew; therefore, enteral support rate increased which could have reflected in lesser mucosal reaction in the study that was carried out using daily cisplatin (3) finally, it may well be that daily cisplatin is less toxic than weekly. Our late radiation-related swallowing changes and/or aspiration rate was similar in both the studies and was comparable with other RT series.\[[@ref23][@ref24]\] Late ototoxicity and nephrotoxicity were also similar in both weekly and daily CDDP protocol and was similar to studies using weekly or 3 weekly cisplatin.\[[@ref15][@ref16][@ref20][@ref25]\]

Glicksman *et al*. combined low dose cisplatin with late intensification hyper-fractionated RT in stage III, IV cases.\[[@ref26]\] They reported an excellent compliance with no Grade III or IV toxicity. This was due to the rigorous supportive care provided to all patients right from the start of the treatment. RTOG--9914 conducted a phase II trial of concomitant boost RT with concurrent CT in HNC patients. They had an equally impressive compliance. Once again, all patients had a gastrostomy tube insertion. This study clearly emphasized the need for proper selection of patients for such intense protocols along with the need for supportive care.\[[@ref27]\]

A study by Staar *et al*. did not show significant improvement with combining altered fractionated RT (accelerated) and chemotherapy.\[[@ref28]\] Similar inference can be drawn from both these single arm studies in the present report when they are compared to phase II studies using intensification strategy only.\[[@ref25][@ref28][@ref29][@ref30][@ref31][@ref32]\]

As regarding nutritional support, comparison with the studies of Glicksman *et al*. and Staar *et al*. showed us that our enteral support rate (77%) comparable in the daily group but it was less in weekly CDDP group (34%). Late insertion of nasogastric/PEG tube around the 3^rd^ week of RT may have resulted in high hospitalizations and early mortality as compared to other studies.\[[@ref8][@ref11][@ref19][@ref20][@ref25][@ref27]\] The initial delay in initiation of enteral nutrition was due to the resistance offered by the patients for any intubation. The reason behind resistance was probably lack of awareness, myths and financial constraints.

With growing experience and awareness regarding nutritional needs, the mortality rate of 14% as reported in our earlier study, was down to 8% in the present report.\[[@ref25][@ref31]\] It is still higher than other reports.\[[@ref8][@ref9][@ref11][@ref12][@ref27]\] In fact, early mortality and high lost to follow-up rate are two reasons for the inferior survival outcomes considering worst case scenario in this study as compared to peer studies.\[[@ref8][@ref11][@ref19][@ref20][@ref27]\] Treatment-related mortality, especially due to aspiration, is a well-recognized killer and needs proper patient selection and intense supportive care and compliance on the part of patient and his caretakers in order to prevent it.\[[@ref23][@ref24]\] Most series, especially from Indian subcontinent, are silent about the issue of high lost to follow-up rate which is a reflection of the lack of education, awareness and financial limitations existing in our patients.\[[@ref33]\] This is applicable to a healthcare system where the patient pays for his/her treatment and follow-up visits, patient attrition, change of address and telephone numbers of patients and lack of long-term motivation on the part of the family.

We identify the reasons for poor outcomes in the present study as the following: (1) Patient selection, i.e., higher stage tumor (90% were T3/T4 and over 50% were N2/N3 disease) were included in both the studies (2) toxicity-related deaths were higher (which could be due to double intensification, use of large portals, and possibly due to poor baseline nutritional and hydration reserves, orodental hygiene and high rate of comorbidities (3) all patients lost to follow-up were considered dead for the purpose of analysis. High rate of lost to follow-up is expected since studies are being reported after the time period they were designed to be followed up for.

To summarize, combined toxicities of cisplatin and accelerated RT were higher and needed attention as compared to RT alone studies.\[[@ref4][@ref7][@ref8][@ref9][@ref11][@ref12]\] Specific toxicities of cisplatin, i.e. hematological and adverse impact on renal functioning were no greater than reported with other CRT schedules.\[[@ref4][@ref8][@ref11][@ref15][@ref18][@ref19][@ref20][@ref21][@ref25]\] Growing emphasis on nutritional/enteral support witnessed a slight decline in mucositis and dysphagia in daily CDDP study.\[[@ref25]\] A randomized trial of noninferiority design comparing daily schedule with weekly or 3 weekly schedule is likely to provide the answer.

Conclusions {#sec1-5}
===========

As per this comparative report of two prospective single-arm studies carried out consecutively, daily cisplatin group appears to be comparable to weekly schedule in terms of survival outcomes, compliance and toxicity. Therefore, if an intensified treatment protocol has to be used, i.e. modest acceleration along with either "weekly" or "daily" cisplatin, both can be used, provided patients are selected properly and due attention is paid to timely and adequate supportive care.
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